
First, some quick logisitics on your final project 

Please keep the video < 10 min, and 5 min max is desirable! 

The writeup need not be long (3 pages is minimum, as in assignment). 

Please try to spend more time on a storyline, and uncertainty discussion 
than on formatting, especially for your draft. 

Working on video & text simultaneously should help clarify your story.
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Comets in Ancient Times  
(with Owen Gingerich & Sara Schechner)



Adoration of the Magi 

Scrovegni Chapel, 
Padua, Italy 

  
Note the comet 

overhead in this Giotto 
fresco, painted in the 

early 1300s. The 
inspiration for the 

comet? Halley’s Comet, 
which was visible from 

Earth in 1301-1302.
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Comets in the 
Middle Ages  







Comets in the Renaissance 



Comets, Newton & Gravity(!) 
(Simon Schaffer on the BBC, 2008)



Stardust

Rosetta
2011

2016

Comets Today 
we navigate 
to them!



Today: we use Newton’s Laws to land on comets

Rosetta
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The “3-Body” Problem  
which Newton’s Law of gravity alone cannot exactly solve 

Note: good overview at: en.wikipedia.org/wiki/Three-body_ problem 

https://youtu.be/nMH0LkZ0YdU?t=4995
https://youtu.be/nMH0LkZ0YdU?t=4995
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https://youtu.be/nMH0LkZ0YdU?t=4995
https://youtu.be/nMH0LkZ0YdU?t=4995
https://en.wikipedia.org/wiki/Three-body_problem


The “n-Body” Problem  



Collisions sim vs. ops https://www.youtube.com/watch?v=C0XNyTp5brM

Simulation-Observation Comparison 

The “n-Body” Problem  



Illustris (+more physics)

Time evolution of a 10Mpc (comoving) over-dense region within Illustris. While the right side shows a full-physics simulation that includes gas cooling, as well as 
stellar and black hole formation and feedback, the left side shows a simple simulation of the same region, which includes only gravity and hydrodynamics.
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#RANDOMIZED

#NON-RANDOM

#HUMAN

#RANDOM

Predictive 
System

https://openclipart.org/

Make  
Prediction!

Evaluate 
Accuracy

Make 
Changes

Space Futures 
& the PredictionX Framework

Observe



Phenomenon Observation* Data Rule Theory Explanation Prediction

*or, Experiment*

Space Futures 
& The Padua Rainbow

and used to offer  Explanations  and/or  Predictions .

Some “Data” are used to provide “initial conditions,”

more “Data” are generated as simulation output,

then, as  Rules  and  Theories  are applied,



Phenomenon Observation* Data Rule Theory Explanation Prediction

*or, Experiment*

Space Futures 
& Synthetic Observations

Synthetic 
“ Observations ” are 
created by simulating 
particular observing 
techniques, generating 
synthetic “Data” 

Which, after 
statistical 

comparison with 
real Data, facilitate 
improvement, as in 

the framework.  



tinyurl.com/GenEd1112-SpaceDiscussion

Astronomy Simulation with Space Futures experts from the CfA: Breakouts

https://tinyurl.com/GenEd1112-SpaceDiscussion
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Key takeaway for AG: Loeb’s strong opinions about AI 

If studies don’t lead to deep understanding, we can’t build on 
them (so they’re not worth doing…for him?)

Avi Loeb



Jill Tarter

Key takeaway for AG: discussion of uncertainty caused by what’s 
“undiscovered,” unknown unknowns, etc. 

If we didn’t even imagine planetary systems unlike our Solar 
System, how can we imagine all the possible forms of alien life?  

Predictions with the Drake equation (discussions if time)



 

The Drake Equation

Jodie Foster & Matthew McCounaghey in the movie CONTACT, copyright Warner Brothers 1997 (reproduced for 
educational use only) Disclaimer: Jill Tarter does not like mis-use of the Drake equation, which includes this scene.

https://informationisbeautiful.net/visualizations/the-drake-equation/


 

The Drake Equation

https://informationisbeautiful.net/visualizations/the-drake-equation/


informationisbeautiful.net/visualizations/the-drake-equation/

 

The Drake Equation

https://informationisbeautiful.net/visualizations/the-drake-equation/


Risk     Uncertainty  

Prediction Decision  

Example 1

Example 4

Example 5

Example 3

Example 6

Example 2

Heading here…


